The first example of an enantioselective and diastereoselective catalytic nitro-Mannich reaction using a second-generation heterobimetallic complex has been developed. The corresponding nitro-Mannich products were obtained in up to 83% ee with a dr up to 7:1.
The nitro-Mannich reaction, the nucleophilic addition of nitroalkanes to imines, gives rise to b-nitroamines and the nitro group can be converted easily into the amino function providing the useful vicinal diamines. 1 Although the first example of this class of reaction appeared in 1896, 2 until recent reports by Anderson et al. 3 no stereoselective version of the nitro-Mannich reaction had been known. A general enantioselective catalytic version of this reaction should be a powerful tool for the preparation of chiral vicinal diamines. In 1999 we reported about the enantioselective catalytic nitro-Mannich reaction, 4 and although this was the first example of an enantioselective nitro-Mannich reaction, the reaction suffered from the limitation that only nitromethane could be used as nucleophile. In the case of a nitroalkane with a longer carbon chain than nitromethane, the reaction forms two stereocenters and diastereoselectivity as well as enantioselectivity becomes a matter of concern. If this addition could be achieved both in an enantioselective and diastereoselective manner, this reaction would be much more powerful and useful. Herein, we wish to report the first example of an enantioselective and diastereoselective catalytic nitro-Mannich reaction.
Although our former catalyst YbKH 2 [(R)-binaphthoxide] 3 (1) gave the product in 79% yield and 91% ee in the case of benzaldehyde imine 2a and nitromethane, 4 catalyst 1 did not promote the reaction of 2a and nitroethane (3a) at all. We thought that the binding pocket of catalyst 1 might be too small both for the N-phosphinoyl imine and nitroethane, and that a catalyst having a larger binding pocket for substrates might be more suitable for this reaction. AlLi[(R)-binaphthoxide] 2 complex, (R)-ALB 5 is a heterobimetallic asymmetric complex containing both Brønsted basic and Lewis acidic functionalities. 6 Having two binaphthoxide moieties as chiral ligands (R)-ALB might have a larger binding pocket for the substrates compared to catalyst 1 with three binaphthoxide units. Although (R)-ALB itself did not promote the reaction of 2a and 3a at lower temperature, 7 we were pleased to find that the complex of ALB (20 mol %) and KO-t-Bu (18 mol %), socalled second-generation ALB, 8 catalyzed the reaction at -40°C in THF giving rise to 4a after 48 h in 71% yield, a dr (anti:syn) of 3:1 and an ee of 35% for the major diastereomer. Changing the solvent from THF to toluene 4a was obtained in 83% yield and 51% ee, but, unfortunately, the dr decreased to 2:1. The best result was achieved when dichloromethane was used as a solvent. Thus, the nitroMannich reaction of 2a and 3a gave 4a after 48 h in 77% yield and a dr of 6:1 with 83% ee for the major diastereomer (Table, entry 1 ). When the reaction was quenched after 3 h, 4a was obtained in 58% yield and a dr of 6:1 with 80% ee, showing that neither epimerization nor racemization took place during the reaction.
Using these optimized conditions, 9 we examined the scope and limitations of the system: the reaction of 2a and nitropropane (3b) proceeded smoothly to give the product 4b in 98% yield with a dr of 6:1 and 74% ee for the major diastereomer (entry 2). Reactions of nitroalkanes having an ether functionality also proceeded nicely: 1-benzyloxy-3-nitropropane (3c) and 2a gave the product 4c in 95% yield and a dr of 7:1. The ee of the major diastereomer was found to be 82% (entry 3). In the case of 1-benzyloxy-4-nitrobutane (3d) the product 4d was obtained in 75% yield and a dr of 6:1 with 77% ee for the major diastereomer (entry 4). Next, we investigated the reaction of other aromatic imines and 3b: using p-anisaldehyde imine 2b the product 4e was obtained in 77% yield, a dr of 6:1 and 78% ee for the major diastereomer (entry 5). Reaction of p-tolualdehyde imine 2c yielded 4f in 68%, a dr of 6:1 with 77% ee for the major diastereomer (entry 6). Using imine 2d, having an electron-withdrawing group, the nitro-Mannich product 4g was obtained in 89% yield, a dr of 3:1 and 71% ee for the major diastereomer (entry 7). The reactions also proceeded smoothly with a reduced amount of the catalyst. Thus, in the presence of 10 mol % catalyst, the desired products were given in good yields, though in slightly lower diastereoselectivity and/or enantioselectivity (Table, entries 8-14) . In some cases the ee of the minor diastereomers could also be determined, but only ee's up to 43% were obtained. 10 So far, aliphatic imines such as pivalaldehyde imine gave less satisfactory results. Preliminary results showed that it was also possible to perform the reaction using 2 g of 2a. Under diluted conditions and without further optimization the reaction of 2a and 3a afforded the desired product 4a in 78% yield with a dr of 6:1 and 76% ee using 10 mol % of the catalyst (entry 15).
To demonstrate the usefulness of this reaction, nitroamine 4a was converted to versatile diamine 5a as shown in the Scheme. The nitro group of 4a could be reduced easily to the amino group using Sm II chemistry. 11,12 By treatment of the obtained mono-protected diamine with methanolic HCl at room temperature the diphenylphosphinoyl group was removed, 13 providing the free optically active diamine 5a (Scheme). Comparison of the optical rotation sign with that reported in literature 14 showed that the absolute configuration of the major diastereomer obtained by the (R)-ALB-catalyst was (1R,2S).
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Scheme Conversion of nitroamine 4a to diamine 5a
In conclusion, we have developed the first diastereoselective catalytic asymmetric nitro-Mannich reaction. 16 The products, b-nitroamines can be converted easily into chiral vicinal diamines in two steps. We believe that this contribution will provide a new, more general access to chiral vicinal diamines. Further studies concerning a larger substrate variety and the possible mechanism are currently under investigation. 
